ABSTRACT Field experiments were carried out to determine if a copper-based fungicide known to deter feeding by the Colorado potato beetle, Leptinotarsa decemlineata (Say), in the laboratory, could suppress the growth of L. decemlineata populations in the field when used regularly for plant disease protection on tomatoes, potatoes, and eggplants. Larval densities on plants treated with a fungicide formulated with copper hydroxide [Cu(OH)2] were between 44 and 100% lower than on untreated control plants or plants treated with a more commonly used fungicide, mancozeb. The greatest reductions occurred on tomatoes, the least suitable host of the three for L. decemlineata growth and survival.
natives to conventional insecticides to suppress L. decemlineata populations below damaging levels. However, control of L. decemlineata with conventional insecticides is hampered by the relatively low toxicity of most registered insecticides and the speed with which L. decemlineata develops resistance to new insecticides (Forgash 1981) .
Feeding behavior of L. decemlineata can be suppressed by a number of natural and man-made chemical substances (Chapman 1974 , Jermy et al. 1981 , some of which are the active ingredients in fungicides registered and effective for disease protection on various solanaceous crops. Recently, Hare et a1. (1983) showed that fungicides formulated from triphenyltin hydroxide (TPTH) or copper hydroxide [Cu(OH)21 deterred feeding and oviposition by L. decemlineata adults and reduced growth and survival of larvae in the laboratory. Small-plot and commercial-scale field experiments showed that growers who used the fungicide mixture of TPTH + mancozeb regularly for potato disease control maintained acceptably low CPB densities with from 20 to 50% fewer insecticide applications than where they used mancozeb alone for potato protection. These results suggested that the regular use of fungicides deterring feeding was a practical way to manipulate the acceptability of potato foliage for L. decemlineata (Hare 1983) , and that such fungicides may be an overlooked tool for efficient management of the potato's pathogens and insect pests.
The purpose of this study was to determine if a fungicide formulated with Cu(OH)2 could suppress the growth of L. decemlineata populations on tomatoes, potatoes, and eggplants in the field when used in a conventional plant disease control program. Results may be useful in designing more effective, economical, and coordinated programs to manage the pathogens and insect pests of various solanaceous crops.
Materials and Methods
Sixteen individual blocks (each three rows wide by 3.5 m long) of tomato (cv. Jumbo Jim), eggplant (cv. Superhybrid), and potato (cv. Katahdin) were arranged in a 6 by 8 grid in a field known to be infested with L. decemlineata at the Lockwood Farm, Mount Carmel, Conn. Plots of each species were arranged regularly over the whole field to assure that any spatial variation in the density of overwintering adults in the field would not systematically affect colonization of the three host plant species or treatments within species. Rows were spaced at 0.91 m, and blocks were separated by a buffer of bare soil 1.93 m wide on all sides. Potatoes were spaced at 0.3 m within rows, and eggplant and tomato plants were spaced at 0.91 m. Potato seed pieces were hand-planted on 12 May 1983. Tomato and eggplant seeds were germinated in the greenhouse on 18 April then transplanted to the field on 1June after hardening for 7 days. Plots were fertilized before planting with 1,200 kg/ha of 10% N, P, and K.
Four blocks were randomly assigned to each of four treatments for each of the three crops. Blocks b Means followed by the same letter are not significantly different (P > 0.05: Tukey's honestly significant difference). Feeding potential is calculated as the sum of the instar-specific densities after multiplying densities by instar-specific consumption relative to that of the first instar.
in treatment no. 1 (control) were never treated with pesticide. Blocks in treatment no. 2 were sprayed weekly with 1.80 kg (AI)jha of mancozeb (Dithane M-45, 80% WP), a commonly used fungicide on potato and tomato plants. Blocks in treatment no. 3 were sprayed weekly with 1.80 kg (AI)jha of mancozeb plus 1.75 kg (AI)jha of methoxychlor (2 E), an unrestricted insecticide locally promoted to home gardeners for L. decemlineata control. Blocks in treatment no. 4 were • Means followed by the same letter are not significantly different (P > 0.05; Tukey's honestly significant difference). Potato and eggplant yields were not analyzed statistically.
sprayed weekly with 1.83 kg (AI)/ha of Cu(OH), (Kocide 101, 86% WP). Pesticides were applied in water with a backpack sprayer calibrated to deliver 750 liters/ha at a pressure of 240 kPa. Pesticide applications were started 6 June and continued until 26 September or until plants were 100% defoliated, whichever came first.
Before pesticide applications, the number of egg masses, larvae, and adults were censused from 25 randomly selected potato stems per block or from six randomly selected eggplants and tomato plants per block. Only larval densities will be presented in detail. Censuses were initiated on 6 June and continued until 29 August or until plants were 100% defoliated, whichever came first.
Separate two-factor (treatments x weeks) analyses of variance (ANOVA) were performed independently on census data from each host species to determine if the various pesticide treatments affected larval densities between 13 June and 5
July. The log(x + 1) transformation was applied so that the data would better conform to the assumptions for the analysis of variance (Logan 1981 ).
An instar-specific larval count was taken on 27 June, when the majority of larvae on the potato plants in the control treatment (no. 1) had reached the fourth (last) instar (see Table 1 ). For each host species, the combined differences in larval density and mean developmental stage among treatments were determined by weighting the instar-specific densities by their respective "feeding equivalents" relative to the first instar. For example, because a fourth instar consumes ca. 30 times as much potato foliage as a first instar (Tamaki and Butt 1978) , fourth instars were weighted by a factor of 30. Second and third instars were weighted by factors of 2.5 and 8, respectively. Although instar-specific consumption of tomato foliage by L. decemlineata larvae is higher than that of potato foliage, the relative differences in consumption among the four instars appear to be similar on both host plant species (Latheef and Harcourt 1972) . No similar studies have been published for L. decemlineata reared on eggplant, however. When summed, these weighted instar-specific densities reflect the total feeding potential in first-instar equivalents of the L. decemlineata larval population in each treatment (see Hare et al. 1983) . Significant variation in feeding potential of L. decemlineata populations among treatments was determined by singleclassification ANOV A's for each host plant species.
Ripe tomato and eggplant fruits were harvested at least once weekly between 8 August and 26 September, weighed, and the total yield per block was recorded. After the last harvest, total yields per block over the full season were calculated. Potatoes were harvested on 31 October, and the total weight of tubers per row was recorded. For tomatoes, significant variation among treatments in total yield was determined by single-classification ANOV A. Eggplant and potato yields were not analyzed statistically because only the plants in treatment no. 4 survived long enough to produce any measurable yield.
Results and Discussion
On all three hosts, larval densities differed significantly (P < 0.01 at least) among treatments and were consistently lowest where Cu(OH)2 was applied (Fig. 1) . Larvae on Cu(OH)2-treated plants were consistently at an earlier mean instar on 27 June ( Table 1 ). The combined differences in density and developmental stage were sufficient to reduce the feeding potential of larvae in plots treated with the fungicide deterring feeding from 77 to >99% over untreated controls, and from 63 to >99% over plots treated with mancozeb (Table 1 ). The greatest reduction in feeding potential occured on tomatoes, the least suitable host of the three studied. The reductions in larval density agree with previous laboratory studies of the effect of Cu(OH)2 on larval growth and survival and are similar to those found for TPTH , a fungicide inhibiting feeding and registered for use on potatoes, but not on tomatoes or eggplants. The addition of methoxychlor to mancozeb did not significantly improve L. decemlineata control on any of the three crops ( Fig. 1 and Table 1) .
Highest yields were obtained from plots of all species treated with Cu(OH)2 (Table 2) . Indeed, these were the only plots of potatoes and eggplants that avoided total defoliation by the first L. decemlineata generation and survived to produce any yield at all. Potato yields, however, were only about 30% of the statewide average commercial yield of ca. 28 metric tons/ha (Conn. Dept. of Agriculture 1982), indicating that the fungicide alone cannot maintain L. decemlineata populations on potatoes at or below economically damaging levels.
On the other hand, all tomato yields exceeded the statewide average of ca. 20 metric tons/ha (Conn. Dept. of Agriculture 1982). Tomato yields in the Cu(OH). and mancozeb-only treatments were both significantly greater than that of the control treatment, but yields in the two fungicide treatments did not differ from each other ( Table  2) . Perhaps the slightly deleterious effects of mancozeb on L. decemlineata survival (Hare et a!. 1983) , plus the intrinsic unsuitability of tomatoes for L. decemlineata (e.g., Latheef and Harcourt 1972) combined to suppress larval densities in the mancozeb-only and mancozeb + methoxychlor treatments to densities below those necessary to cause substantial yield reductions in this particular tomato cultivar. However, a reviewer suggested that this statistically nonsignificant difference may still have practical significance for commercial tomato production, and that statistical differences in yields between the two fungicide treatments might be demonstrated with larger sample sizes. The sample size required to demonstrate a statistically significant difference between tomato yields in these two treatments, calculated from standard formulas (Sokal and Rohlf 1981) , is 42 blocks per treatment. While an experiment of this size is not feasible on our research farm, it might be feasible if repeated in commercial-sized fields with ca. 50 yield estimates per treatment.
Bordeaux mixture, a combination of lime and copper sulfate in water, was widely used for potato protection until about 1945, when it was replaced by several newer organic fungicides because Bordeaux was somewhat phytotoxic (Dimond and Horsfall 1955) . The phytotoxicity appeared to be related more to the lime rather than the copper sulfate, however (Horsfall and Turner 1943) .
Results reported here, as well as those of previous studies (e.g., Jermy 1961), indicate that Bordeaux mixture was also probably contributing substantially to L. decemlineata suppression. Growers lost this effect when they began using ethylene bisdithiocarbamate (EBDC) fungicides, which are relatively innocuous to L. decemlineata (Hare et al. 1983) . Although EBDC fungicides are superior to Bordeaux mixture for plant disease control, it is possible that the replacement of Bordeaux mixture with EBDC fungicides for potato disease control facilitated the ascendance of L. decemlineata to its current status as a pest.
Recently, Sherrod et al. (1983) reported that another fungicide used for potato disease control, chlorothalonil, reduced the effectiveness of a formulation of permethrin for L. decemlineata control on potatoes but not on tomatoes. Different fungicides apparently have diverse effects on L. decemlineata in the insect's various commercial environments. To the extent that solanaceous crops must be protected from pathogens as well as insect pests, growers might reasonably choose fungicides not only for their ability to control plant diseases, but also for their capacity to help manage insect pests as well. Further interdisciplinary research is needed in order to develop programs for more coordinated management of the insect pests and pathogens of solanaceous crops.
